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(57) Abstract 

A wireless phone-line interface (30) provides wireless communications between a modem (34) and a switched telephone network 
(32). A wireless phone-line interface transceiver (38) coupled to a switched telephone network and a modem transceiver (36) coupled to a 
modem. The line interface transceiver (38) and modem transceiver (36) exchange wireless signals in preselected channels so that up-link 
and down-link frequencies communicated by the transceivers are separate and distinct and do not interfere with one another. The cabling 
previously required between the modem and the switch telephone network is thereby eliminated, allowing easy relocation of the modem with 
its associated computer equipment to anywhere within the transmission range of the line interface and modem transceivers. The transceivers 
are powered by DC-adapted 110 volt AC power (42. 44). A telephone connected to the line interface transceiver may have priority for 
emergency conditions, usurping control of the associated telephone line for immediate access to the switched telephone network. 
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WIRELESS PHONE-LINE INTERFACE 

TECHNICAL FIELD 

This present invration relates to telecommunications interftces for computers, multimedia equipment, and die 
like. More particularly, die present invention is directed towards a wireless phone-line inter&ce whereby modem 
communicadons can occur locally over a wireless link between a modem-using or telephony device and a local 
telephone line. 



BACKGROUND ART 



10 Over the past 25 years, the personal computer industry has rapidly developed in order to provide the 

beginning infrastructure for electronic communications and data exchange. With the rise of the computer industry, 
portable computing in the form of laptop computers, internet appliances, set top boxes and the like have become less 
expensive, easier to use. and highly portable. However, one of the great advantages of electronic information is the 
ability to exchange and transmit such information so it might be shared with other computers operated by other 

1) individuals. 

In the past, a wire or cable of one sort or another was required to attach a personal computer or the like to a 
telephone line via a modem. The modem would electronically translate digital infonnation presented to it by the 
computer into signals capable of being handled by then-existing telephone lines. The reverse was also true where 
telq[)hone line signals coming into the modem could be translated into signals useable by the computer. 

» Having such a physical attachment in the form of a cable or wire between the phone-line socket and the 

modem of the computer is sometimes inconvenient, disadvantageous, or unavailable. Consequently, when a phone- 
line socket is available, it is desirable to have means by which modem communications can be effected between a 
computer and a telephone line without the use of a wire therebetween. 

Present day electronic telecommunications do not provide for such a wireless link between the modem and 

25 the phone-line. What systems are available may generally be expensive and cumbersome, complicated, or difficult 
to use. 

Consequentiy, it would be advantageous if there were available a wireless phone-line interface system that 
effcaed modem communications over a wireless link between a computer or multimedia equipment with a locally- 
available telephone line. 

30 The following United States patents reflect the art pertinent to the present invention. 
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DISCLOSURE OF INVENTION 



The present invention provides a wireless phone-line interfecc so that modem communications may be 
effected between a computer, multimedia equipment, or the like and a local telephone line. This phone-line interfecc 
system of the present invention comprises two detachably attachable units using modular RJl 1 sockets and plugs or 
the like. Eitfier or both units may powered through AC transfomiers or batteries. 

The line interfece transceiver, or line unit (LU), attaches to a local telephone line through a first RJ 1 1 socket 
or the like. A second RJl 1 socket or the like allows a telephone handset with dialer to connect to the phone-line 
central office through the transceiver. 

The telephone handset has priority over the telephone line in case it needs to be used in an emergency or the 
like. The second module of the wireless phone-line interface is a modem transceiver, or modem unit (MU), that 
connects to a modem by an RJl 1 socket and mimics die telephone line in order to properly interfecc with the 
modem. The modem may be connected to a computer, multimedia equipment, or the like through an RS-232 link, 
other connection protocol, bus. or the like. The line interface transceiver and die modem transceiver exchange radio 
frequency signals in order to effect communication between the modem and the phone line. The up-link frequency 
from the line interface transceiver to the modem transceiver is different from the down-link frequency from the 
modem transceiver to the line interfecc transceiver so that signals are kept distinct and apart 

By providing wireless communications between a computer modem or the like to an available phone line, the 
equipment associated with the modem is no longer "tied down" to the physical connection necessary between the 
modem and the phone line. Consequently, the equipment associated with the modem is free to roam about the local 
area that is most convenient or desirable for the person or persons using the computer, multimedia equipment, or the 
like. For example, a laptop may be physically located and moved throughout a large auditorium by means of the 
present invention. This is possible if the MU is battery powered. In one embodiment, the MU is attached to the 
power socket via the AC transformer unit which supplies low voltage AC source for subsequent rectification, 
filtering/regulation for DC required to power the circuits within the unit. 



Figure 1 is a general schematic diagram of the wireless phone-line interfiace of the present invention. 
Figure 2 is a block schematic component diagram of the line unit (LU) of the wireless phone-line interface of 
Figure 1. 

Figure 3 is a block schematic component diagram of the modem unit (MU) of the wireless phone-line 
interfecc of Figure I, 

Figure 4 shows a flowchart diagram for program flow control of the line unit of the present invention. 
Figure 5 is a flowchart diagram showing program flow control for the communication steps and operation of 
the modem unit 



BRIEF DESCRIPTION OF DRAWINGS 
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Figure 6 shows a general schematic of an alternative embodiment of the wireless phone-line interface of the 
present invention. Wireless communications are effected between the line inter&ce module and the modem inter&ce 
module by means of a two-way full duplex radio connection. 

Figure 7 shows a block diagram schematic of an alternative embodiment of the line interface transceiver and 
s the modem transceiver showing the internal construction of the same using known components. 

Figure 8 is block schematic component diagram of the line interface transceiver shown in Figures 6 and 7. 

Figure 9 is a schematic block component diagram of the modem transceiver of Figures 6 and 7. 

M ODE(S) FOR CARRYING OUT THE INVENTIO N 

10 The detailed description set forth below in connection with the appended drawings is intended as a 

descnption of presently preferred embodiments of the invention and is not intended to represent the only fonns in 
which the present invention may be constructed and/or utilized. The description sets forth the functions and the 
sequence of steps for consoiicting and operating the invention in connection with the illustrated embodiments. 
However, it is to be understood that the same or equivalent functions and sequences may be accomplished by 

IS different embodiments that are also intended to be encompassed within the spirit and scope of the invention. 

The present invention provides a wireless phone-line interface whereby modem commimications can occur 
between a computer, multimedia, or other equipment and a locally available telephone or other communications line. 

As shown in Figures 1-3, one embodiment of the present invention 30 serves to bridge the gap between the 
phone company 32 (generally providing "plain old telephone service" or POTS) and a device using a modem, 

20 indicated by the "modem device" 34 in Figure I. The modem device 34 may be any number of devices that provide 
electronic data signals to a modem that would otherwise be able to communicate with a telephone 
company/TELCO/POTS 32. Consequently, one of the great advantages to the present invention is that it is easily 
used in conjunction with existing apparatus as it serves to provide a compatible wireless link or bridge between two 
previously compatible devices or systems. 

23 A modem device 34 is coupled to the modem unit, or MU, 36. The internal components of the MU are shown 

in Figure 3. The MU 36 transmits and receives signals to and from the line unit (LU) 38. The LU is shown in 
greater detail in Figure 2. The LU 38 is coupled to the phone company 32 through a phone line and an RJl I or other 
phone jack 40. Both the LU 38 and the MU 36 may use AC adapters 42 connected to AC power supplies 44 in order 
to supply the MU 36 and LU 38 electric power. In an alternative embodiment, either or both of the MU 36 and the 

30 LU 38 may be battery powered. The signal exchange for communication between the MU 36 and the LU 38 is 
indicated by the RF link 46, which exists during the transmission and reception (transception) of the signals between 
the MU 36 and the LU 38. 

Via the wireless phone-line interface system 30 of the present invention, the modem device 34 communicates 
seamlessly with the phone company 32 via the MU 36 and the LU 38. As the interface units 36, 38 generally rely 
3s upon the radio frequency representations of the acoustic signals generated by the modem device 34 and received 
from the phone company 32 and vice versa, the wireless phone-line interface system 30 of the present invention 
becomes an extension of the link between the modem device 34 and the phone company 32. 

The line unit (LU) 38 and the modem unit (MU) 36 are shown in Figures 2 and 3, respectively. The relative 
linking connection and coupling between the individual components present within each unit are shown as welt. 
40 Beginning first with Figure 2, ^e LU 38 is connected to the phone jack 40 by a cable connecting to an RJ 1 1 

3 
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or ottier phone jack 80. A cable, or otherwise, tenninating in an appropriate end, may snap-fit into the RJl I jack 80. 
A second RJ 1 1 jack 82 provides an additional port durough which an additional RJI 1 male terminator may fit The 
second RJl 1 jack 82 is intended for a use with a telephone, so that the line miit 38 does not deprive die use of a 
telephone socket, even though the line unit 38 is in place at that socket 

Figure 2 shows a line sensing and isolation circuit 84 coupled to both RJl 1 jacks 80, 82. The line sensing 
and isolation circuit 84 couples the two RJl 1 jacks 80. 82. In so coupling the two RJl 1 jacks, the line sensing and 
isolation circuit 84 provides a means by which emergency use of a telephone connected to the second RJl 1 jack 82 
may be provided. The line sensing and isolation circuit 84 senses and isolates die telephone line so that the 
telephone connected at the second RJl 1 jack 82 has priority over all other communications through the LU 38. The 
line sensing and isolation circuit 84 can detect whedier or not any telephone connected to the second RJl 1 jack 82 is 
off hook. When sudi a telephone is off hook, it is in use as die telephone handset has been taken off hook fiom die 
oadle. Under such circumstances, die line sensing and isolation circuit 84 assumes or delivers priority to the 
telephone. In this way, even diough the line unit 38 is exchanging radio frequency signals widi die modem unit 36, 
die telephone is kept in service. This is particularly usefiil v/hen emergency conditions arise, as generally modem 
signals cannot be delivered to emergency or odier authorities in order to summon aid. However, a telephone can do 
so and by maintaining the availability of die telephone dirough die second RJl 1 jack 82, aid can be summoned 
readily as by dialing 9 1 1 or otherwise. 

When a modem or modem device 34 is directly attached to phone jack 40, establishing a link to the telephone 
system, the signals generated by the modem are modulated digital or binary signals that are de-modulated by a 
corresponding modem on the other side of a telephone line connection. Consequently, modems resolve the 
delation from digital signals to analog to digital, in order to allow two electronic information machines (e.g., 
computers) to communicate over phone lines. In feet, diis characteristic feature of modems gave rise to dieir names, 
as modems both modulate and de-modulate. 

Modems modulate the binary or digital signals into audio frequency analog signals and transmit them to the 
telephone line. When the modem receives such modulated signals, it de-modulates them and converts the audio 
frequency analog signals back to binary or digital signals readable by a computer or die like. 

The present invention maintains the audio nature of the modulated signals. Consequently, and by inspection 
of Figures 2 and 3, it can be seen that diere is a striking similarity between die designs of bodi die line unit 38 and 
die modem unit 36. Generally, die only difference is the connection to die pertinent system. For the line unit 38, die 
pertinent system is the telephone service or phone company 32 made available widi the phone jack 40. For die 
modem unit 36, die pertinent system is die modem device 34. As bodi die line unit 38 and die modem unit 36 handle 
die same types of signals, their internal structure is similar and it is advantageous to use the most efficient or best 
system for each side of the connection, as they both use the same signal. Due to the similarity of the individual units 
36 and 38, die description of one unit, such as die line unit 38, may be entirely applicable to the modem unit 36, and 
vice-versa. 

As can be seen fixim Figures 2 and 3, the two units 36 and 38 generally share similar oscillator, transmitter, 
receiver, and control circuitry. Also, die power conditioning circuits 86 may be highly similar, if not identical, 
should the line and modem units 38, 36 operate in the same voltage regimes. 

As shown in Figure 2, the line sensing and isolation circuit 84 is connected to a transmitter 90 and a receiver 
92 via a respective transmitter line 94 and a receiver line 96. Software control or switches may be used in order to 
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control the signal flow to the tnuismitler 90 and the receiver 92. A transmitter software control or switch 98 is in line 
between the line sensing and isolation circuit 84 and the transmitter 90. Similar^, a receiver software control or 
switch 100 is in line with die receiver line 96 between the line sensing and isolation circuit 84 and the receiver 92. 
Both of these switches 98, 100 are controlled by the microprocessor 110 with its accompanying memory and 

3 software. The software controls 98, 100 serve to control the signals and flow of signals sent and received by the 
transmitter 90 and receiver 92 over the phone line via the phone jack 40. 

In an alternative embodiment, the line sensing and isolation circuit 84 may also be coupled to the 
microprocessor 1 10 and the software controls 98, 100 in order to terminate signal travel from die transmitter 90 and 
the receiver 92 to the phone line/phone jack 40. In such an embodiment, lifting the handset from a telephone 

to connected to the second RJl 1 jack 82 causes die line sensing and isolation circuit 84 to signal the mimprocessor, 
which in turn severs the coimection between the transmitter and receiver 90, 92 with the line sensing and isolation 
circuit 84. The telephone then has absolute use of telephone line 40 in order to summon aid or to otherwise place a 
call. 

The line unit transmitter 90 and receiver 92 may correspondingly send and receive, respectively, radio 

IS frequency signals. As is known in the art, audio signals or the like are generally added to a high frequency carrier 
wave as the two signals add together. When combmed, the high frequency of the carrier wave predominates over the 
lower frequencies of the audio signal. However, the high frequency carrier wave is easily filtered out. When the 
high frequency carrier wave is filtered out, the lower frequency audio signal remains generally intact and preferably 
with little introduction of noise. 

20 The transmitter 90 generally takes v^atever signals are impressed upon it and sends them out to die antenna 

112. These signals are dien radiated for pick-up by the modem unit 36. Similarly, the receiver 92 uses die antenna 
1 12 to pick up radio frequency signals, filtering out a preset or other carrier wave. So that the transmitter 90 and 
receiver 92 may share the same antenna or odierwise, a duplexor 114 receives signals from the transmitter 90 and 
transmits signals to the receiver 92. The duplexor 1 14 serves to keep isolated the signals between the transmitter 90 

25 and die receiver 92, so that the receiver 92 does not receive the signals transmitted by the transmitter 90, but instead 
picks up the signals received by the antenna 112. Additionally, in order to ensure that the signal sent by the 
transmitter 90 and the signals received by the receiver 92 are kept separate and apart, different frequencies are used 
by which to transmit and to receive. 

Generally, it is known in the art that the transmitter may transmit at a frequency of approximately 46 

30 megahertz, while die receiver may receive signals centered upon 49 megahertz. In a preferred embodiment, the 
signals transmitted and received are frequency modukued. Alternative frequency bands include the 900 megahertz 
band and the 2.4 gigahertz band. The particular band frequency band is not seen as being a pardcular limitation of 
the present invention so long as the appropriate transmission and reception can be made between the modem 34 and 
die phone line 40. Generally, neidier the modem 34 nor die phone jack 40 sees die wireless phone line interface 

35 system 30 of the present invention as it acts merely to bridge the uncabled distance between the phone line 40 and 
the modem device 34. 

In order to provide a carrier signal, an oscillation cfrcuit 120 transmits the carrier wave appropriate for each 
of die transmitter 90 and receiver 92. One means by which such an oscillation circuit 120 can be achieved is by 
using a crystal osciDator 122 in conjunction widi a phased lock loop (PLL) 124. This provides for a very consistent, 
40 clear and well-defined carrier signal for die transmitter 90 and the receiver 92. The crystal oscillator 122 may 

5 



wo 99/66648 



PCTAJS99/13771 



transmit an oscillating signal to the phase lock loop 124, which in turn transmits its signal(s) to the transmitter 90 and 
the receiver 92. 

The crystal 122, as well as the transmitter 90 and the receiver 92, may be controlled by the microprocessor 
no. The crystal 122 may have its frequency adjusted, altered, sensed and/or controlled by the microprocessor 110. 
5 Memory associated with the microprocessor m^ provide means by which constants, variables, and data may be 
stored temporarily or in a more permanent feshion. Additionally, instructions for the microprocessor in the form of 
software may be used to control the operation of the line unit 38. Such software may be updated from time to time, 
as optimization, efficiencies, and greater advantages are developed in the art 

As the line unit 38 picks up any signal that it receives upon the receiver's 92 designated frequency, it becomes 
10 a consideration to ensure that die signals are ones from a valid or intended modem unit 36 and not some rogue or 
cloned modem tmit Likewise, the line unit 38 transmits its signals without limitation to the intended modem unit 36. 
Instead, any modem unit in the area diat is tuned to die transmitters 90 frequency may pick up transmissions fit>m 
die line unit 38. 

Consequendy, due to the available nature of die signals sent and received by the line unit 38, it becomes 
IS important to provide some means by which the signals may be secured from cloned units that might eavesdrop upon 
the communication between line and modem units 38, 36 of the present invention. 

Figure 2 shows a cloning jack J/140 that receives a cable linking a modem unit 36 (via its cloning jack) to the 
line unit 38. When so connected, the line unit 38 can recognize, identify, and distinguish a particular modem unit 36. 
In one embodiment, when a line unit 38 is powered up, a line unit may determine whether or not a connection 
u is present at die cloning jack J/140 widi die modem unit 36. If so, die microprocessor 1 10 implements an anti- 
clonmg procedure that transfers address relationships between the line unit 38 and one of perhaps several modem 
units 36. If a cloning connection is detected, the line unit 38 initiates die transfer of an address in the line unit 38 to 
die modem unit 36. The modem unit 36 stores this information in non-voladle memoiy (as in electronically erasable 
read-only memory, or EEROM). This makes illegal cloning more difficult, much in the same way cloning is made 
a more difficult for cordless phones. A single line unit 38 can dien be used widi a number of modem units 36 widi a 
greater measure of security and privacy. 

Turning now to Figure 3. the similarities mentioned previously between the line unit 38 and the modem unit 
36 may be seen in greater detail. Bodi units have software controls, transmitters, receivers, duplexors, 
microprocessors (widi memory and software) and oscillation circuits in die form of oscillating crystals driving 
30 PLL*s. Similar connections are present such diat die microprocessor is connected or coupled to die transminer, the 
receiver, die oscillating crystal, and die cloning jack. The transmitter and die receiver are bodi coupled to die 
dupiexor which in turn is coupled to the antenna. 

For purposes of convenience and better understanding, the elements in the modem unit 36 corresponding to 
similar elements in the line unit 38 are generally given die same reference number augmented by 100, so that for 
33 example die cloning jack of the modem unit 36 is 240, while diat of die line unit 38 is 140. 

The modem unit 36 generally operates in a manner similar to diat of die line unit, save diat instead of a line 
sensing and isolation circuit 84, off-hook and line detection and control circuits 184 are present. The off-hook 
detection circuits 184 are coimected to the modem device 34 via a cable and RJl 1 jack 180. In one embodiment, a 
second RJl 1 jack 182 may be present in the modem tmit 36, allowing the connection of a telephone line. Widi 
40 respect to diis second RJl 1 jack 182, die same '*9l T or emergency protection circuit may be available such diat if 

6 
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the handset is lifted or the second RJl 1 jack 182 is otherwise put into use. all other transmissions over the wireless 
phone line interface system 30 of the present invention cease, dedicating the use of the line to the telephone 
connected to the second RJl I jack 182 and the modem unit 36. If telephones connected to both the modem unit 36 
and the line unit 38 are in use, generally the line unit 38 telephone would prevail. However, modification to the 
software processing and the microprocessor control of the line and modem units 38, 36 may allow the modem unit 
telephone via its connection at the second RJl 1 jack 182 to prevail. While the modem unit 36 and the line unit 38 
are basically the same, different embodiments may exist according to the different frequency regimes used to transfer 
information between the line and modem units 38, 36. 

For example, in 900 megahertz and 2.4 gigahertz units, the 91 1 condition (allowing telephone seizure of the 
line) may not be present and no unintemiptable link between the second phone line jack of the line unit 38 may be 
present in comiection with the phone jack/ phone line 40. Additionally, the higher frequency units may only accept 
dial tone input from the modem device. In other embodiments, the line and modem units will operate identically in 
the higher frequency regimes as they do in the lower 46 - 49 megahertz regime. 

When the wireless phone line interface 30 of the present invention is powered up. power is supplied at 12 
volts D.C. through the power conditioning cbcuits 86. When the modem unit 36 is first turned on. it begins scanning 
its channels, generally 10 - 25 in number, in order to find a clear channel. Once the modem unit 36 finds a clear 
channel (possibly establishing this in tandem with the line unit 38), the modem unit 36 locks onto this channel and 
goes into a standby condition waiting for the modem device to go off hook, or possibly an in-coming modem call 
from the line unit 38. 

Once the line unit 38 is turned on, it looks for a connection with the modem unit 36 via the cloning jack 140. 
If a connection is present at the cloning port 140, the line unit 38 inteixogates the attached modem unit 36. If the 
modem unit 36 responds, the line unit 38 initiates a transfer of an address in the line unit 38 to the modem unit 36. 
This address infonnation is stored by the modem unit 36 in non-volatile memory such as electronically erasable read- 
only memory (EEROM). By transferring the address information from the line unit 38 to the attached modem unit 
36, it becomes more difficult to illegally clone modem units and to electronically eavesdrop on the communications 
exchanged between the line unit 38 and the modem unit 36, Additionally, the cloning process enables a single line 
unit to be used with a multiple number of modem units 36 in a single unit. On subsequent power ups, the line unit 38 
looks for the modem unit 36 on the cloning port 140. If there is no connection at the cloning port 140, the line unit 
does not look for the modem unit 36 again and maintains the stams quo until the line unit 38 is powered up or turned 
on with a connection established at the cloning jack 140. 

Once the line unit 38 fmishes tiie cloning detection process, the line unit 38 scans the available diannels 
(generally 10-25 channels) to find ar clear signal coming from an associated modem unit 36. If the line unit 38 
finds such a signal fit>m any modem unit 36 on any channel, the line unit 38 stops at that channel and checks to see 
of the address transmitted by the modem unit 36 matches the line unit's 38 address. If so, the line unit 38 locks upon 
this channel. If a signal with an improper address is detected, a signal could be given by the line unit 38 in the form 
of an alarm or the like that possible cloning has occurred or that electronic eavesdropping may be taking place. 
However, due to the widespread use of cordless and cellular phones, the signal may be one that is associated with a 
different and good faith communication. If there are multiple modem units 36 operating, they are serviced by the 
Ime unit 38 on a first active, first serve basis. 

In one embodiment, the line unit 38 checks the normal voltage condition (generally greater than 20 volts 
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between the tip and ring lines) of the phone jack connection 80, to ensure that a proper connection can be established 
by the line unit 38 with the phone line. If a low voltage condition occurs where the voltage across the tip and ring 
lines is less than 20 volts, the line unit 38 will not go off hook even when commanded by the line unit 36. An error 
message could be reoimed by the line unit 38 to the modem unit 36 under such circumstances. Generally, the low 
voltage condition occurs if the line is already in use by another phone. This ensures priority to the telephone 
connected at the second RJl 1 port 82, particularly useful for 911 calls made by the telephone and the like as the use 
of the telephone will not be blocked by the line unit 38. 

Once the modem unit 36 and the line unit 38 have been turned on and are folly powered up, the modem unit 
36 is m standby condition, having locked onto the first clear channel. The line unit 38 has locked onto the signal 
from the modem unit 36, and both are awaiting activation. The modem unit 36 waits for the modem device 34 to go 
off hook. When the modem device does indeed go off hook, a loop current is sensed and the modem unit 
microprocessor 210 instructs the line unit 38 to go off-hook via the RF signal transmitted by the transmitter 190 over 
the modem antenna 212. The off-hook signal transmitted by the modem unit transmitter 190 is received by the line 
unit receiver 92. 

For the line unit 38, once it has completed scanning its channels to establish a preliminazy connection with the 
modem unit 36, it waits for the modem unit 36 to transmit its off-hook signal. Upon detecting the modem unit 
off-hook signal, the line unit 38 implements the command, if the voltage (greater than 20 volts) is normal. 
Otherwise, the voltage is below nonnal indicating use of the associated telephone. 

When the line unit 38 goes off hook, the phone line/phone jack 40 presents a dial tone to the line unit 38. 
This condition is transmitted to the modem unit 36 via the line unit transmitter 90 via the line unit duplexor 114 and 
the antenna 112. This conununication back from the line unit 38 allows the establishment of the full duplex audio 
path between the line unit 38 and the modem unit 36. 

Having received the open line signal from the line unit 38. the modem unit 36 may transmit the dialing codes 
sent from the modem device 34 over to the line unit 38. The modem device 34 may dial a telephone number either 
by pulse dialing or by sending tones. Either of these may be detected by the modem unit 36. For tone dialing, the 
modem unit 36 may transmit those directly to the phone jack via the line unit 38. For pulse dialing, when a space is 
detected between digits, the modem unit 36 may operate a DTMF (dual tone multi-frequency) generator to send a 
DTMF tone code via the established RF link to the line unit 38. The line unit 38 receives the audio tones and 
transmits diem to the phone company via the telephone line 40. 

One reason for implementing a pulse dialing feature is to accommodate the low information rate present 
during the dialing process. The lowest possible signal-to-noise ratio may be required in converting pulse dialing to 
tone dialing eliminates the possibility of mis-dialed numbers. Upon the conclusion of the dialing process, the RF 
frequency audio path fix)m the modem unit 36 to the line tmit 38 is folly opened and established. In one embodiment 
of the wireless phone Ime interface system 30 of the present invention, the dialing process may be a store and 
forward process between the modem device 34 and the modem unit 36. However, real-time activity may be present 
between the modem unit 36 and the line unit 38 and similarly between the line unit 38 and the phone company 32. 

Once the RF frequency links are established between the line unit 38 and the modem unit 36 (or multiple 
modem units 36), both sides of the RF link pass the encoded audio signals in both directions, making the RF link 
connection foil duplex. With a foil duplex connection across the RF link 46, the modem device 34 communicates 
directly with the phone line 40/phone company 32 in a transparent manner, until the modem unit 36 detects that the 
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modem device 34 has gone on-hook. Alternatively, if the line unit 38 detects that another telephone in parallel with 
the modem unit 36 (namely the telephone connected at the second RJl I jack 82) has gone off-hook, the line unit 38 
immediately goes on hook and turns off its.transmitier 90 to direct all signals and control to the telephone at the 
second RJl 1 jack 82. 

When the modem device 34 goes on hook, the modem unit 36 detects the end of the communication session. 
The modem unit 36 then transmits a session tennination command to the line unit 38, allowmg the line unit 38 to go 
back on hook. The RF link between the two units is extinguished, and the standby condition is re-initiated so that 
future communications may be established between the line unit 38 and the modem unit 36. When a 91 1 emei^ency 
condition arises through the use of the telephone connected to the second line unit RJl 1 port 82, the line unit 38 
detects this off-hook condition in the detached telephone and immediately goes on hook to severe the connection 
with respect to the modem device 34 to allow the attached telephone to use the phone line/phone jack 40. 

Should a channel become busy due to interfering signals, the modem unit 36 will scan for a clear channel and 
stop in standby mode. Similarly, the line unit 38 is in standby mode when it is on hook and continuously scans its 
channels for prescribed modem unit signals, so that a ready RF link is available should communications be required 
between the modem device 34 and phone company 32. 

As mentioned previously, even though the description above is directed to the modem device 34 dialing out to 
the phone company 32, circumstances could be such that another modem dials through the phone company 32 
seekmg the modem device 34. Under such circumstances, the telephone connected to the second line unit RJl 1 jack 
82 would ring. This could be ignored, and the Ime unit 38 could pick up the call after a pre-determined number of 
rings. The RF frequency link 46 may be established by the line unit 38 with the modem unit 36 in order to 
communicate with the modem device 34 much in the same way as the modem device 34 is described as 
communicating with the phone company 32. 

The line unit antenna 112 and the modem unit antenna 212 generally depend upon the frequency band within 
which the two units operate. For the 46/49 megahertz unit, it is customary to use a telescopic or flexible "rubber 
ducky" antenna with a lengdi relating to the frequency or wavelength of the RF link. 

One special feature Aat may used with respect to the antenna is the incorporation of the antenna in the cable 
from the AC adapter. The mountable antenna may include a 19-inch RF radiator and may be made a pan of the line 
cord connected to the AC adapter. Generally, the length of such an antenna is approximately three-tenths of one 
quarter of the wavelength or 3/40ths of the wavelength. The length of die antenna must be a large enough fraction of 
the quarter wavelength in order to provide high enough radiation resistance to make die antenna an efficient RF 
radiator. The AC line cords establishing die power connection between the adapter and the modem unit 36 (or line 
unit 38, or otherwise) may be approximately three to five feet as required. The antenna length of 19 inches may be 
achieved by placing an RF attenuator, such as a ferrite core with the line cord threaded four times through to form a 
winding, which achieves the correct degree of attenuation to RF at that point Such a scheme virtually provides a 
19»inch radiator to the radio frequency transmissions and an open circuit beyond that length. A loading coil with 
capacitors may provide the coupling to the antenna, as well as isolation from DC along the RF lines. The DC path 
supply'mg power to the line and modem units 38. 36 may be superimposed on the line cord while suffering no 
additional resistance on the account of the imbedded RF choke. 

Figure 4 shows a flowchart for a process by which the line unit 38 may effect its communications with the 
phone jack/phone line 40 in die modem unit 36; The line unit process 280 is initialized at power on 282. Upon 
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power up 282, the line unit 38 sends a clone conunand inquiry 184 to the modem unit 36 as described above. Upon 
detennining the clone status 184, the line unit 38 waits for an off-hook signal 286. If the line unit 38 receives an off 
hook signal, it tests to see whether or not the other phone line via the second RJl 1 jack 82 is busy 288. If the line is 
busy 290, control of the instruction flows back to the status of waiting for the off-hook signal 286. If the line is not 
5 busy 292, the line unit 38 goes off hook 294. Once the line unit 38 goes off hook, it maintains its communication 
status with the modem unit 36, unless certain conditions occur as set forth furAer in die flow control 280 of the line 
unit 38. 

Once the line unit 38 is gone off hook 294, it tests to see whether or not the line is requested through the 
second RJl I jack 82 at step 300. If the line is requested 302, the tine unit 38 hangs up 304 and returns to wait for 
10 the off-hook signal 286. If no line is being requested through the second RJl 1 jack 82, the flow control 280 
recognizes this at step 306 and tests to see whether or not there has been a loss of carrier 308. If there has been a 
loss of carrier 310. the line unit 38 hangs up 304 and returns to wait for the off-hook signal 286. Alternatively, if 
carrier has been maintained 312 and there is no loss of carrier, the line unit 38 tests to see whether or not it has 
received a hang up command 320. 
15 If the line unit 38 has received a hang up command 322, the line unit 38 hangs up 304 and returns to wait for 

the off-hook signal 286. If no hang up command has been received 324, the connection is maintained to the phone 
jack/phone line 40 and the modem unit 36 and control of the line unit 38 is returned to see whether or not a line has 
been requested through the second RJl 1 jack 82 at step 300. 

So long as no interruptions are received, the on-line engaged mode of the line unit 38 passes from the request 
20 for the line 300 through to the loss of carrier inquiry 308 and on to the hang up command inquiry 320, control being 
passed back then to check to see whether or not the line has been requested 300. Exit from this loop is indicated as 
above, and the loop itself is generally indicated by reference 326. 

As shown in Figure 5, the modem unit 36 may also go through a similar control of program flow and 
operation 340. When the modem unit is originally powered on 350, it inquires as to whether or not it has received a 
2s clone command 352. If so, the address sent by the line unit 38 is set 354, and the modem unit 36 inquires as to 
whether or not it has received a clone command 352. If a clone conunand has been received 354, the modem unit 36 
sets the address 356 transmitted by the line unit 38. The modem unit 36 then waits for a modem off-hook signal 358. 

If upon querying as to viiether or not the modem unit 36 has received clone conunand 352, and no such clone 
command has been received 360, no address is set 356 and control is delivered to the step where the modem 36 waits 
w for the modem off-hook signal 358. 

The process by which the modem 36 waits for the off-hook signal may be a query loop where the modem 36 
continually polls the modem device to see whether or not an off-hook signal is present. The modem unit 36 may also 
poll the off-hook detection circuits 184 in order to achieve the same end. 

Once an off-hook signal has been received, an off-hook command is sent to the line unit 38 in step 370. The 
35 modem unit 36 then inquires or establishes whether or not the off-hook command transmission operation 370 has 
been successful in step 372. If the off-hook command transmission has been unsuccessful 374, the modem unit 36 
retransmits the off-hook conunand in step 370 with flow control then returning to query as to whether the off-hook 
command has been successful 372. 

Once the off-hook command transmission has been successfully transmitted by the modem unit 36 and 
40 received by the step 376, the modem unit 36 polls the pertinent signals, registers, or the like to detennine the status 
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of the modem device 34 and whether or not the modem device 34 has gone back on hook 390. If the modem device 
34 remains ofFhook 392, the status inquiry 390 of the modem device 334 is continuously repeated. Once the modem 
on-hook query 390 detects that the modem device 34 has actually gone on hook 394, the modem unit 36 sends a 
disconnect signal to the line unit 38 and shuts down the transceiving operation at its transmitter 190 and receiver 
192. Program flow to control is &en transferred to step 358, where the modem device 36 waits for an off-hook 
signal from the attached modem device 34. 

While Figures 1 - 5 show one embodiment of the present invention. Figures 6-9 show an alternative 
embodiment that may also provide advantageous operation and the provision of a wireless mter&ce connector 
freeing up multi-media equipment or other devices from physical attachment to a phone line, phone jack or the like. 

As shown in Figure 6, the wireless phone-line interfece of the present invention 510 has a line interface 
module 512 and radio or other wireless communications with a modem interface module 514. The wireless 
communication occurring between the line interface module 512 and the modem interfece module 514 is generally 
achieved by radio communications or the like indicated by the lines 516 extending between the modules. 

A line interface module 512 is coupled via a copper or other wired cable to the locaLtelephone jack, outlet, or 
the like by an RJ 1 1 plug fitting into the RJl 1 socket or otherwise. The connection between the line interfece module 
512 and the telephone line establishes the connection to the telephone line for the telephone connection line 518. 
The line interfece module 512 is powered by an AC adapter 520, battery power, or the like, which ultimately 
supplies the line interfece module 512 with the DC power at appropriate levels. A telephone 522 is connected by a 
phone-cable or the like 524 to the line interfece module 512. 

The modem interface module 514 is connected via a telephone cable 530 to a modem 532. The modem, in 
turn, is connected to computer, multimedia, or other electronic information equipment 534 via a modem cable 536 or 
the like. Hereinafler, such computer, multimedia, or other electronic information processing equipment are referred 
to generally as computer equipment. The modem 532 may be connected to the computer equipment via a modem 
cable 536 or other electronic connection of known or unique information exchange protocol, including those 
recognized by the IEEE. 

In Figure 7, the internal components of the line interfece module 512 and the modem interfece module 514 
are shown. 

The line interfece module or transceiver 512 has an RJ 1 1 socket 550 providing an RJ-1 1 connection to die 
local telephone switching system. A second RJl I socket 552 allows connection of a telephone 522 via cable 524 to 
the Ime interface transceiver 512. An off hook detection circuit 554 determines the state of the telephone 522 and 
usurps all control of the line interfece transceiver 512 when the telephone 522 is off hook. This allows the 
immediate use of the telephone 522, particularly under emergency circumstances. 

In the line interfece transceiver 512, a controller 560 is coupled or connected to tiie hook detect switch 554, 
the telephone line interface networic 562, the radio receiver 564, the crystal oscillator 566, and the radio transmitter 
568. 

The telephone line interfece networic 562 is coupled to a hook switch 580 and a diode bridge 582. The diode 
bridge 582 is additionally coupled to the tip line 584 to establish one-half of the closed phone-line cormection that 
must occur for their to be a complete circuit and telephonic communications. The telephone line interfece network 
562 is also coupled to the radio transmitter 568 and the radio receiver 564. 

The radio transmitter 568 is coupled to the crystal oscillators 566 as well as the antenna module 586. The 
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crystal oscillators 566 are coupled to both the radio transmitter 568 and the radio receiver 564. 

The radio receiver 564 is coupled to the antenna module 586 as well as to the coupling to the phone-line 588. 
The coupling to the phone-line 588 is coupled to the ring line 590 to establish the other half of the closed loop 
telephone connection. 

The antenna module 586 is connected to an antenna 592 that transmits and receives radio waves according to 
the signals impressed upon the antenna 592. 

The line inter&ce transceiver/module 512 uses the controller 560 to control the operations of the line 
interface transceiver 512. The controller 560 coordinates the operation of the individual elements of the line 
interface transceiver 512 in order to ensure coordinated communication that preserves the integrity of the data 
involved. The telephone line interface network 562 provides the appropriate interface to the telephone line to and 
from the radio transmitter 568 and the radio receiver 564. The hook switch 580 establishes the phone-line 
connection for incoming and outgoing calls related to the modem transceiver 514. The diode bridge 582 provides 
appropriate current and voltage flow as required by the line interface transceiver 512. 

The radio transmitter 568 transmits radio frequency signals to the antenna module 586 so that they may be 
radiated out by the antenna 592. The ciystai oscillators 566 may provide a number of channels available for the 
radio transmitter 568 and receiver 564 according to the requirements, conveniences, or demands of the wireless 
phone-line interface system 510. The crystal oscillators 566 provide the necessary radio frequencies for driving die 
radio transmitter 568 and providing the appropriate filter frequencies for the radio receiver 564. The radio receiver 
564 receives signals from the attached antenna module 586 and in conjunction with the telephone line inter&ce 
network 562 and the coupling to the phone-line 588, transmits such signals to the associated telephone network and 
central switching office. 

The elements set forth in the line interface receiver 512 are believed to be known in the art individually; 
however, theu* combination to establish a wireless phone-line interface is believed not to have been previously seen 
in the art 

The modem transceiver 514 Is similar to the line interface transceiver 512 save that it does not require the 
intcrfece circuitiy for a telephone line and substitutes for that, interfece circuitry for the modem 532. 

In the modem transceiver 514, an RJl 1 socket 600 provides the connection via cable 530 to the modem 532. 
A pair of twisted wires or the like 602 carries the signals to and fix)m the RJl 1 socket 600 via the central office 
subscriber line interface 604. A single one of the twisted wire pair 602 is connected to a coupling to phone-line 606 
which in turn is cormected to the radio receiver 608. 

A micro controller 610 is connected to the central office/subscriber line interface 604, the radio receiver 608, 
the crystal oscillatoirs 612, and the radio transmitter 614. ' 

The central ofiSce/subscriber line interfrice 604 is also connected to the radio transmitter 614 and the radio 
receiver 608. The crystal oscillators 612 are also coupled to the radio transmitter 614 and the radio receiver 608. 

The radio transmitter 614 and the radio receiver 608 are both coupled to the antenna module 616 which in 
turn is connected to the antenna 618. 

The antenna 618 receives and radiates radio frequency signals. The radio transmitter 614 in conjunction with 
the crystal oscillators 612 drive the antenna module 616 with radio frequency signals that are transmitted by the 
antenna module 616 to the antenna 618. The antenna 618 then radiates radio signals for reception by the line 
interface transceiver 512. The anteima 618 also receives radio frequency signals transmitted by the line inter&ce 
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transceiver 512 for transmission to the antenna module 616 and on to the radio receiver 608. 

The central office/subscriber line interfece 604 is seen by the modem 532 as a regular telephone line to which 
such modems are commonly connected. Consequently, the modem transceiver 514 appears for all intents and 
purposes the same as a telephonic connection to a central telephone switching office. As the modem transceiver 514 

s is the element of the wireless phone-line interfece system of the present invention seen by the modem 532, the entire 
wireless phone-line interface system 510 of the present invention appears for all intents and purposes to the modem 
532 as a telephone loop connection to a central office, albeit with possible differences arising from the exchange of 
radio signals between the modem transceiver 514 and the line interfece transceiver 512. As a \^ole, the wireless 
phone-line interface of the present invention appears transparent to both the modem 532 and die associated 

10 telephone line. 

Similar to die controller 560 of the line interfece transceiver 512, the micro controller 610 of the modem 
transceiver 514 controls the operation of the modem transceiver 514 so that modem and radio signals may be 
exchanged between the computer equipment 534 and the line interface transceiver 512 with its attached phone-line 
connection. The crystal oscillators 612 serve to provide the frequencies at which die radio transmitter 614 must 
IS transmit its signals as well as the frequencies needed to filter out the carrier wave received by the radio receiver 608. 
For all practical purposes, the radio transmission and receiving portions of both the modem transceiver 514 
and the line interfece transceiver 512 are similar save that the radio transmitter 568 of the line interface transceiver 
512 transmits at frequencies picked up by the radio receiver 608 of the modem transceiver 514. The radio 
transmitter 614 of the modem transceiver 514 transmits at frequencies received by the radio receiver 564 of die line 
30 interfece transceiver 512. The up-link frequency Fi used to transmit fit)m the line interface transceiver 512 to the 
modem interface transceiver 514 is different from the down-link frequency F2 used to transmit the signals from the 
modem interface transceiver 514 to the line interface transceiver 512. By using different frequencies, the present 
invention achieves full duplex communications. 

Having generally described the construction of die wireless phone-line interface system of die present 
23 invention as manifested in die description of Figures 6 - 9 above, one embodiment of die operation of die present 
invention is set forth below. 

As mentioned above, the purpose of the wireless phone-line interfece is to provide a wireless communication 
link for full duplex data communication between a modem and die telephone socket connected to die central 
telephone switching office. 

30 A typical connection between die modem and die central office is shown in Figure 6 when die wireless phone- 

line interface system of die present invention is implemented. Widi die wireless link, die physical placement of die 
modem is no longer constrained by die proximity or Icngdi of die cable connecting die modem to die telephone 
socket on die wall. In feet, it removes any need to nm such a wire between die modem and die telephone socket 
The elimination of a need for the wire arises from the use of the two modules at either side of the wireless 

3s connection establishing communication between the telephone wall socket (and its accompanying central telephone 
office switching network) and the modem. The transceiver connected to the wall socket is designated the line 
interface transceiver 512 and establbhes die connection widi die telephone socket and associated switching network. 
The modem transceiver 514 establishes die connection whh die modem 532. As the modem transceiver 514 and 
line interface transceiver 512 communicate without a wire between one another, the physical location of the modem 

40 532 is no longer constrained by a wire or cable. 

13 



wo 99/66648 



PCTAJS99/13771 



The line interfecc transceiver 512 provides the interface to the central ofRce (or to the PBX). The line 
inteifBice transceiver 512 has a radio transmitter 568 and a radio receiver 564 for establishing a full duplex wireless 
link between itself and a modem transceiver 514. An additional telephone socket 552 is available for connecting an 
external telephone 522 so that both the modem 532 and the telephone 522 can share the same telephone socket The 
telephone 522 is connected by the regular telephone cable having RJl 1 or other connection means. 

The modem transceiver 514 is similar in design to the line inter&ce transceiver 512 with respect to the 
transmitting and receiving aspects and elements. Additionally, the modem transceiver 514 is connected to the 
modem 532 through the subscriber line inter&ce (SLI) 604. The SLI 604 mimics the function of the central 
telephone office in the subscriber loop so that the connection between itself and the modem 532 is possible using a 
standard telephone line having RJl 1 plugs or sockets so that the modem 532 is connected to the modem transceiver 
514. Both the modem transceiver 514 and the line interface transceiver 512 are powered by a 110 volt power line 
supply intermediated by an adapter or the like as needed. The adapter module 520 should be small enough to be 
plugged into an existing line socket with the additional facility of providing a courtesy socket so that an electrical 
power socket is not lost by the use of the wireless phone-line interface adapter module. In one embodiment, the 1 10 
volt power adapter module 520 is secured by screws or the like to a face plate of the socket or the like so that it will 
not be pulled off accidentally to disable the wireless connection. 

When an incoming call is received by the line interface module 512 it may ei&er be a person calling desiring 
to establish a voice connection or FSK (frequency shift keying) data seeking to establish a connection with the 
modem 532. In one embodiment, the line inter&ce module 512 may only establish a connection with the modem 
transceiver 514 when ten rings have occuned and the associated telephone 522 has been left on hook and 
unanswered. 

In establishmg the wireless link between the line interface transceiver 512 and the modem transceiver 514, all 
available channels (in one embodiment, 10) are scanned before establishing the wireless communication between the 
line interface transceiver 512 and the modem transceiver 514. The clearest or first available channel may be selected 
by the transceivers. The transceiver initiating transmission (whether it be the line inter&ce transceiver 512 or the 
modem transceiver 514) may scan the radio channels for free channels for full duplex conmiunications between tibe 
transceivers. The transceiver diat does not initiate transmission may be set in a listening mode, scanning its available 
receiving frequencies for an activation signal. 

To conserve power, transmission &om either transceiver will be cut if either the initiating or responding 
modem goes on hook (hangs up, terminates the call). 

The connection of the telephone 522 with the Ime interface transceiver 512 has priority over all 
communications. Consequently, the line interfece module 512 will immediately disconnect the modem 532 from the 
telephone line if the telephone 522 goes off hook. 

When the modem 532 initiates a call to the modem transceiver 514, the modem generates an off hook signal 
to the subscriber line interfrxe (SLI) 604. The SLI subsequently initiates handshakmg between the modem 
transceiver 514 and the line interfrice transceiver 512 to establish the channels for transception of signals between the 
two modules. The communication between the line interface transceiver 512 and the modem transceiver 514 is on a 
one-to-one basis in that only one module can be talking to another and in tiiat the line inter&ce transceiver 512 only 
transceives signals with a single modem transceiver 514 (and vice versa). 

Once the line inter&ce transceiver 512 receives signals from the modem transceiver 514, the telephone tine 
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interface network 562 takes control of the telephone line for transmission and reception of the modem data. 

The tine interface module 512 only makes outgoing calls for the modem transceiver 514 and the modem 532 
if the telephone line is currently not used by the telephone 522 connected to the line interface transceiver 512. If the 
line interfece transceiver 512 is currently engaged in a modem 532 call, taking the telephone 522 off hook 

5 immediately terminates the modem connection. The person then using the telephone will get a dial tone and may 
make an outgoing call, an important aspect under emergency conditions. The telephone 522 has absolute priority 
over the modem connection. 

The technical specifications of the wireless phone-line inter&ce are as follows. The line inter&ce transmitter 
568 transmits at frequencies in the 46 MHz band (or other band in the 900 or 2.4 Ghz range). Consequently, Ae 

to modem transceiver 608 receives at the same frequencies. Likewise, the line inter&ce receiver 564 receives signals in 
the 49 MHz band, (or other band in the 900 or 2.4 Ghz range). Consequently, the modem transceiver radio 
transmitter 614 also transmits in this frequency band. The radiated power by the antennas 592, 618 is on the order of 
typically lOmW, or trimmed to permissible level. The signals transmitted by the antennas may be frequency 
modulated (FM). Ten channels of full duplex communication may be incorporated into the transceiving modules 

IS 512, 514. However, fewer or more channels may be used according to manufecturer, user, or distributor preferences 
or in light of government regulations. The bandwidth of the channels used may be determined as appropriate for the 
conditions under which the wireless phone-line interface of the present invention operates. One data rate at which 
die wireless phone-line interfece 510 of the present invention may operate is at 300 baud. However, otherhigher data 
rates may also be used depending on the frequency range being used.. 

20 A loop interfece in the modem is preferably constructed according to CCITT and Bell Telephone standards as 

well as meeting FCC Regulations, including Part 68. With respect to the interfece loop in the line interfece 
transceiver 512 interfecing to the central office, the loop current 1 line operates (in one embodiment) preferably at 
35mA at a 10 volt voltage line. The loop voltage V line may operate at 4.5 volts at a l5mA current line. However, 
these current and voltage characteristics may change according to embodiments used in actual practice. The loop 

25 interfece for the central telephone office interface may be constructed and operated according to CCITT and Bell 
Telephone standards. 

The modem transceiver 514 DC power supply may typically be 48 volts to meet all CCITT standards for 
central telephone offices and the like. However, this DC power supply may be lower if it is not necessary to conform 
to CCITT standards. The line interfece transceiver 512 DC power supply may typically be 5 volts. 
30 While the present invention has been described with regards to particular embodiments, it is recognized diat 

additional variations of the present invention may be devised without departing from the inventive concept. 

For example, multiple-frequency receiving units can be built into rooms and buildings to provide a ready 
infrastructure for wireless modem systems consistent with the present invention. Likewise, if industry or known 
standards are available or established, electronic information equipment such as laptop computers and the like could 
3s have pre-installed wireless transceiving systems that interfece with such wireless-ready rooms and buildings. The 
discrete elements of the present invention could be pre-installed on both sides of the wireless link. 

Additionally, the phone line link could be replaced by a high-bandwidth connection to &e Internet or other 
electronic information exchange. Such a high-bandwidth connection might itself incorporate a varied of 
transmission media including satellite uplinks. 
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INDUSTRIAL APPLICABILITY 

It is an object of the present invention to provide wireless communications between equipment associated 
with a modem and a telephone line. 

It is another object of the present invention to provide such wireless communications in an easily effected 
s manner. 

It yet is another object of the present invention to provide a wireless phone-line interfecc system in the form 
of two modules, the first module providing die phone-line interfece and the second module providing die modem 
inter&ce. 

It is yet another object of the present invention to provide wireless conununications between modem- 
to associated equipment and a telephone line that are two-way and full duplex. 

It is yet another object of the present invention to provide wireless communication between the LU and a 
number of MUs trained ( via a cloning function) to work with the particular LU 

These and other objects, advantages, and die industrial utility of die present invention will be apparent from a 
review of die accompanying specification and drawings. 
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CLAIMS 

What is claimed is: 

A wireless phone-line interface system for establishing a wireless connection between a modem and a 
telephone switching network, comprising: 

a line interface transceiver coupled to the telephone switching network, said line interfece 
transceiver transmitting and receiving wireless signals; and 

a modem transceiver coupled to the modem, said modem transceiver transmitting and receiving 
wireless signals to and from said line interface transceiver; whereby 

modem signals may be exchanged between the modem and the telephone switching networic via 
said line inter&ce transceiver and said modem transceiver. 

The wireless phone line interface system for establishing a wireless connection between a modem and 
a telephone switching network of claim I, wherein said line interface transceiver further comprises: 

a line transmitter for transmitting wireless audio signals to said modem transceiver; 

a line receiver for receiving wireless audio signals from said modem transceiver, 

a line oscillation circuit coupled to said line transmitter and said line receiver, said line 
oscillation circuit providing frequency signals to said line transmitter and said line receiver, and 

a line antenna, said line antenna coupled to said line transmitter and said line receiver, said line 
antenna transmitting line transmitter signals to said modem transceiver, said line antenna receiving 
modem transceiver signals from said modem transceiver; whereby 

audio/analog signals are transccived by said line interface transceiver with said modem 
transceiver to couple said modem with said telephone switching network. 

The wireless phone line interface system for establishing a wireless connection between a modem and 
a telephone switching network of claim 2, wherein said line interface transceiver further comprises: 

a duplexor, said duplexor coupled between said line antenna on a first side and said line 
transmitter and said line receiver on a second side, said duplexor coordinating and controlling 
simultaneous two-way communication over said line antenna so that the modem may operate in full 
duplex. 

The wireless phone line interfece system for establishing a wireless connection between a modem and 
a telephone switching network of claim 3, wherein said line interfece transceiver further comprises: 

a cloning circuit, said cloning circuit coupled to said line oscillation cfrcuit and said Ime 
transmitter and said line receiver, said cloning circuit having a jack to which said modem transceiver 
may be coupled, said cloning circuit recognizing and identifying said modem transceiver to prevent 
unauthorized interception of signals exchanged between said line interfece transceiver and said modem 
transceiver. 



wireless phone line interfece system for establishing a wireless connection between a modem and 
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a telephone switching network of claun 4, wherein said cloning circuit further comprises: 

a microcontroller for processing instructions, said microcontroller coupled to said line 

transmitter and said line receiver; 

a memory for storing data, said memory coupled to said microcontroller; and 
instructions in the form of software or the like directing activities of said microcontroller, 

whereby 

said microcontroller polls, queries, and identifies a modem transceiver coupled to said cloning 
jack, said line interfece transceiver transmitting address information to said modem transceiver to 
prevent illegal cloning of a modem transceiver. 

6. The wireless phone line interface system for establishing a wireless connection between a modem and 
a telephone switching network of claim 2, wherein said line oscillation circuit further comprises: 

a crystal oscillator; and 

a phase locked loop (PLL), said PLL coupled to said crystal oscillator on a first side and said 
transmitter and said receiver on a second side. 

7. The wireless phone line interface system for establishing a wireless connection between a modem and 
a telephone switching network of claim 2, wherein said line interface transceiver further comprises: 

a line sensing and isolation circuit, said line sensmg and isolation circuit coupled on a first side 
to at least one telephone jack and coupled on a second side to said line transmitter and said line 
receiver, said line sensing and isolation circuit sensing activity on the telephone switching network. 

8. The wireless phone line interface system for establishing a wireless connection between a modem and 
a telephone switching network of claim 7, wherein said line sensing and isolation circuit terminates a 
connection between said line transmitter and said line receiver if a handset coupled to said line interfece 
transceiver is taken off hook. 



The wireless phone line interface system for establishing a wireless connection between a modem and 
a telephone switching network of claim I, wherein said modem transceiver further comprises: 

a modem transmitter for transmitting wireless audio signals to said line interface transceiver; 

a modem receiver for receiving wireless audio signals firom said line interface transceiver; 

a modem oscillation circuit coupled to said modem transmitter and said modem receiver, said 
modem oscillation circuit providing frequency signab to said modem transmitter and said modem 
receiver; and 

a modem antenna, said modem antenna coupled to said modem transmitter and said modem 
receiver, said modem antenna transmitting modem transmitter signals to said line interfece transceiver, 
said modem antenna receiving line interfece transceiver signals from said line interfece transceiver; 
whereby 

audio/analog signals are transceived by said modem transceiver with said line interfece 
transceiver to couple said modem with said telephone switching network. 
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10. The wireless phone line interface system for establishing a wireless connection between a modem and 
2 a telephone switching network of claim 9, wherein said modem transceiver further comprises: 

a duplexor, said duplexor coupled between said modem antenna on a first side and said modem 
4 transmitter and said modem receiver on a second side, said duplexor coordinating and controlling 

simultaneous two-way communication over said modem antenna so that the modem may operate in full 
6 duplex. 

1 1 . The wireless phone line interface system for establishing a wireless connection between a modem and 
2 a telephone switching network of claim 1 0, wherein said modem transceiver further comprises: 

a cloning circuit, said cloning circuit coupled to said modem oscillation circuit, said modem 
4 transminer, and said modem receiver, said cloning circuit having a jack to which said line inter&ce 

transceiver may be coupled, said cloning circuit indicating and identifying said modem transceiver to 
6 said line inter&ce transceiver to prevent unauthorized interception of signals exchanged between said 

modem transceiver and said line interface transceiver. 

12. The wireless phone line interface system for establishing a wireless connection between a modem and 
2 a telephone switching network of claim 1 1, wherein said cloning circuit further comprises: 

a microcontroller for processing instructions, said microcontroller coupled to said modem 
4 transmitter and said modem receiver; 

a memory for storing data, said memory coupled to said microcontroller; and 
6 instructions in the form of software or the like directing activities of said microcontroller; 

whereby 

s said microcontroller identifies said modem transceiver to said line interface transceiving, , said 

line interface transceiver transmitting address information to said modem transceiver to prevent 
10 cloning. 

13. The wireless phone line interface system for establishing a wireless connection between a modem and 
2 a telephone switching network of claim 9, wherein said modem oscillation circuit further comprises: 

a crystal oscillator; and 

4 a phase locked loop (PLL), said PLL coupled to said crystal oscillator on a first side and said 

transmitter and said receiver on a second side. 

14. The wireless phone line interfiice system for establishing a wireless connection between a modem and 
2 a telephone switching network of claim 9, wherein said modem transceiver further comprises: 

a telephone line simulator circuit, said telephone line simulator circuit sensing signals fi-om said 
4 line interfiace transceiving indicating an incoming call and establishing the proper ofFhook signals for 

the modem coupled to said telephone line simulator circuit, said telephone line simulator circuit 
6 coupled on a first side to the modem and coupled on a second side to said modem transmitter and said 

modem receiver. 



19 



wo 99/66648 



PCT/US99/13771 



A wireless phone-line interface system for establishing a wireless connection between a modem and a 
telephone switching network, comprising: 

a line inlerfece transceiver coupled to the telephone switching network, said line interface 
transceiver transmitting and receiving wireless signals; 

a modem transceiver coupled to the modem, said modem transceiver transmitting and receiving 
wireless signals to and from said line interface transceiver; 
said line inter&ce transceiver having: 

a line transmitter for transmitting wireless audio signals to said modem transceiver, 
a line receiver for receiving wireless audio signals from said modem transceiver, 

a line oscillation circuit coupled to said line transmitter and said line receiver, said line 
oscillation circuit providing first frequency signals to said line transmitter and said line 
receiver, said line oscillation circuit having: 
a first ciystai oscillator; and 

a first phase locked loop (PLL), said first PLL coupled to said first crystal 
oscillator on a first side and said line transmitter and said line receiver on a second side; 
a line antenna, said line antenna coupled to said line transmitter and said line receiver, said line 
antenna transmitting line transmitter signals to said modem transceiver, said line antenna receiving 
modem transceiver signals from said modem transceiver, said line antenna hidden or camouflaged; 

a first duplexor, said first duplexor coupled between said line antenna on a first side and 
said line transmitter and said line receiver on a second side, said first duplexor coordinating and 
controlling simultaneous two-way communication over said line antenna so diat the modem 
may operate in full duplex; 

a first cloning circuit, said first cloning circuit coupled to said line oscillation circuit and 
said line transmitter and said line receiver, said first cloning circuit having a first cloning jack 
to which said modem transceiver may be coupled, said first cloning circuit recognizing and 
identifying said modem transceiver to prevent unauthorized interception of signals exchanged 
between said line interface transceiver and said modem transceiver, said first cloning circuit 
having: 

a first microcontroller for processing instructions, said first microcontroller 
coupled to said line transmitter and said line receiver; 

a first memory for storing data, said memory coiq)led to said microcontroller; and 

first instructions in the form of software or the like directing activities of said 
microcontroller; whereby 

said first microcontroller polls, queries, and identifies a modem transceiver 
coupled to said first cloning jack, said line interface transceiver transmitting address 
information to said modem transceiver to prevent illegal cloning of a modem 
transceiver; and 

a line sensing and isolation circuit, said line sensing and isolation circuit coupled on a 
first side to at least one telephone jack and coupled on a second side to said line transmitter and 
said line receiver, said line sensing and isolation circuit sensing activity on the telephone 
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switching network; whereby 

audio/analog signals are transceivcd by said line interface transceiver with said modem 
transceiver to couple said modem with said telephone switching network; and 
said modem transceiver having: 

a modem transmitter for transmitting wireless audio signals to said line inter&ce 
transceiver; 

a modem receiver for receiving wireless audio signals from said line interfece 
transceiver; 

a modem oscillation circuit coupled to said modem transmitter and said modem receiver, 
said modem oscillation circuit providing frequency signals to said modem transmitter and said 
modem receiver, said modem oscillation circuit having: 
a second crystal oscillator; and 

a second phase locked loop (PLL), said second PLL coupled to said second 
crystal oscillator on a fint side and said modem transmitter and said modem receiver on 
a second side; 

a modem antenna, said modem antenna coupled to said modem transmitter and said 
modem receiver, said modem antenna transmitting modem transmitter signals to said line 
interface transceiver, said modem antenna receiving line interface transceiver signals from said 
line interface transceiver, said modem antenna hidden or camouflaged; 

a second duplexor, said second duplexor coupled between said modem antenna on a first 
side and said modem transmitter and said modem receiver on a second side, said second 
duplexor coordinating and controlling simultaneous two-way communication over said modem 
antenna so that the modem may operate in full duplex; 

a second cloning circuit, said second cloning circuit coupled to said modem oscillation 
circuit, said modem O^msmitter, and said modem receiver, said second cloning circuit having a 
jack to which said line interface transceiver may be coupled, said second cloning circuit 
indicating and identifying said modem transceiver to said line interfece transceiver to prevent 
unauthorized interception of signals exchanged between said modem transceiver and said line 
interfece transceiver, said second cloning circuit having: 

a second microcontroller for processing instructions, said second microcontroller 

coupled to said modem transmitter and said modem receiver, 

a second memory for storing data, said second memory coupled to said second 

microcontroller; and 

second instructions in the form of software or the like directing activities of said 

second microcontroller, whereby 

said second microcontroller identifies said modem transceiver to said line 

interface transceiving, , said line interface transceiver transmitting address information 

to said modem transceiver to prevent cloning; and 

a telephone line simulator circuit, said telephone line simulator circuit sensing signals 
from said line interface transceiving indicating an incoming call, said telephone line simulator 
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circuit separately establishing the proper off hook signals for the modem coupled to said 
telephone line simulator circuit, said telephone line simulator circuit coupled on a fust side to 
the modem and coupled on a second side to said modem transmitter and said modem receiver, 
whereby 

audio/analog signals are transceived by said modem transceiver with said line interfece 
transceiver to couple said modem with said telephone switching networic; whereby 
modem signals may be exchanged between the modem and the telephone switching network via 
said line interface transceiver and said modem transceiver. 
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